Skin hypersensitivity to streptococcal antigens was demonstrated in 15 New Zesland red rabbits that were sensitized by intracutaneous injections with group A streptococci, and leukocytic hypersensitivity, as determined by in vitro inhibition of leukocyte migration, was demonstrated in 11 of the rabbits. The skin hypersensitivity persisted for at least 8 weeks, whereas the leukocytic hypersensitivity generally waned rather rapidly. The leukocytic hypersensitivity reappeared in the infected rabbits that had developed this hypersensitivity. However, it did not reappear on reimmunization with living streptococci of the type originally employed, whereas it did reappear with living but not heat-killed streptococci of another M type.
Using a modification of the tissue culture technique of Rich and Lewis (15) , Hall and Scherago (8) found that the in vitro leukocytic hypersensitivity of guinea pigs with experimental tuberculosis lessened significantly after chemotherapy. As the disease became inactive, the leukocytic sensitivity to tuberculin waned, although the skin sensitivity persisted. Gerlach, Scherago, and Hall (4) reported that the hypersensitivity of the leukocytes from tuberculous patients to tuberculin also decreased after chemotherapy although the skin sensitivity did not. Darlington and Scherago (3) found that, in guinea pigs that were experimentally infected with Brucella abortus, skin sensitivity developed the 1st week after infection, whereas leukocytic sensitivity did not appear until the 4th week, at which time the animals had developed bilateral orchitis. The leukocytic sensitivity persisted until the 8th week, about as long as the orchitis did, but the skin was still sensitive at the 10th week. On the basis of these findings, it would appear the leukocytic hypersensitivity, as manifested by in vitro inhibition of leukocyte migration, is associated only with active infection. Since the development of delayed-type hypersensitivity is known to occur also after natural or induced streptococcal infection, it was I This report represents a portion of a dissertation submitted by the senior author in partial fulfilment of the requirements for the Ph.D. degree at the University of Kentucky. A preliminary report of Injectioni of rabbits. To prepare a culture for injection, I ml of the selected culture was transferred to 9 ml of Todd-Hewitt broth (Difco) and was incubated for 3 hr at 37 C to obtain actively growing cells. The subculture was washed three times with sterile Tyrode's solution by centrifugation and was resuspended to the original volume. Dilutions of cell suspension ranging from 10-1 to 10-6 were prepared in sterile Tyrode's solution. Of each dilution, 0.1 ml was delivered to a sterile petri dish, and a pour plate was made with 5% rabbit blood agar. For the initial infection, 0.1 ml of either 10-3 or 10-4 dilution containing approximately 103 cells was used.
At 48 hr prior to the injection, both the right and left dorsal areas extending from the gluteal to the thoracic region of the rabbit were shaved with an electric clipper (Oster Heavy Duty Progienic model 10, with no. 50 size 0000 blade). The skin was disinfected with 70%/0 ethyl alcohol, and 0.1 ml of the culture dilution was injected intracutaneously with a disposable tuberculin syringe and a 25-gauge needle.
Preparation of streptococcal antigens. The streptococci were grown in a rich medium whose base was a completely dialyzable tryptic-digested proteose peptone (6) . A "seed" culture was first prepared by inoculating 1 ml of streptococcal culture into 30 ml of the tryptic-digested proteose peptone medium and incubating at 37 C for 8 hr. The "seed" culture was then inoculated into a flask containing I liter of the medium and was incubated at 37 C. After 5 hr of incubation, growth was usually abundant, and the medium was yellow owing to acid production. A 15-ml amount of sterile 5 N NaOH was then added to bring the pH to 7.2 to 7.4. Subsequently, at hourly intervals, 5 to 10 ml of 5 N NaOH was added to neutralize the acid produced. A total of 50 to 65 ml of 5 N NaOH was usually required. The growth was maximal at about 15 hr, at which time the flask was transferred to a refrigerator (5 C) for 18 to 24 hr. The culture was then distributed in 200-ml centrifuge cups and was centrifuged at 3,000 rev/min for 30 min. The supernatant fluids were pocled and enough (NH4)2SO4 was added to the pool (approximately 900 ml) to give a final salt concentration of 75% saturation. The pool was placed in a refrigerator for 48 hr. The precipitate was collected by centrifugation at 3,000 rev/min for 30 min, redissolved in 100 to 120 ml of distilled water, placed in a dialysis tube, and dialyzed against cold running tap water for 24 hr, then distilled water at 5 C for 48 hr, and, finally, borax buffer (pH 7.4) at 5 C for 24 hr. The product was clarified by centrifugation at 3,500 rev/min for 30 min. The supernatant fluid was lyophilized and stored in a tightly stoppered flask at 5 C. For use, the required quantity was weighed on an analytical balance, dissolved in Tyrode's solution, and filtered through a membrane filter (Millipore Corp., Bedford, Mass.).
Skin testing. The animals were skin tested by the intracutaneous injection of 0.1-ml amounts of the antigens. A skin reaction was considered positive when an area of induration 6 mm in diameter or greater appeared in 48 hr. Preliminary titration to determine the dosage of antigen to be used in testing for skin sensitivity revealed that 200 ,ug of filtrate in 0.1 ml was the largest amount that could be used without producing a nonspecific skin reaction.
Leukocyte migration technique. For testing for in vitro leukocytic hypersensitivity, the capillary tube technique described by Scherago, Gerlach, and Thornsberry (17) was used, except that, instead of in plain Tyrode's solution, the streptococcal filtrates were suspended in the tryptic-digested proteose peptone medium diluted 1:10 in Tyrode's solution, which also served as "control medium." This modification was necessary because the streptococcal filtrates used were composed chiefly of extracellular products (5), the dialysis having removed all the residual constituents of the medium that was used for growing the streptococci. To 0.5 ml of heparinized blood from a marginal ear vein, 0.5 ml of the diluted antigen was added. A control consisted of 0.5 ml of blood and 0.5 ml of "control medium." With each mixture, 10 capillary tubes were filled and one end of each tube was sealed with clay. The tubes were centrifuged at 5 C for 15 min at 2,000 rev/min to obtain buffy coats and then incubated at 37 C for 18 hr. The tubes were mounted on a slide, and the extent of migration of the leukocytes from the buffy coats was measured microscopically by use of the 16 mm objective of the microscope and an ocular micrometer. The ratio obtained by dividing the average of the migration distances in the presence of the antigen by the average in the absence of it was expressed as the cytotoxic index. Preliminary titration of the filtrates for the in vitro leukocyte migration inhibition testing indicated that the 500 ,ug/ml concentrations of types 1, 3, and 19 did not result in nonspecific migration inhibition. The cytotoxic indices that would be indicative of significant inhibition of leukocyte migration were determined on the basis of the cytotoxic indices of the leukocytes from 35 normal rabbits that were skin test negative to the antigens. The significant cytotoxic indices were 0.83, 0.82, and 0.81 for antigen types 1, 3, and 19, respectively.
Bactericidal test for detecting type-specific antibody. The method of Rothbard (16) The results of the bactericidal tests are shown in Table 3 . In the serum of one rabbit (148), the presence of type-specific antibody was detected as early as 3 weeks after the last injection of type 1 Streptococcus. In the sera of two more rabbits (121 and 130), the bactericidal activity was detected at 5 weeks, and, in the sera of the two remaining rabbits (123 and 138), this activity was not detected until 8 weeks. With rabbit 141, however, no bactericidal activity was detected during the entire 10-week period.
DISCUSSION
The discrepancy between the incidence of skin hypersensitivity (100%c) and leukocytic hyper- sensitivity (67%/,) and between the duration of the two types of hypersensitivity in the infected rabbits is similar to that experienced by previous workers. Moen (12) , working with guinea pigs infected with group C hemolytic streptococci, found no correlation between the degree of skin reactivity and the degree of in vitro sensitivity of splenic cells to the homologous streptococcal extract. Scherago and his co-workers reported the waning of hypersensitivity of the leukocytes in experimental (8) and human tuberculosis (4, 17) , and in experimental B. abortus infection (3). They found that, in every case, as the disease be- The absence of correlation between in vitro hypersensitivity and skin hypersensitivity points to the possibility that these two types of immune response may differ qualitatively as well as quantitatively. It may be that two entirely different cell types, each with its distinct immunological capacity, are responsible for the two reactions. Moen (12) found that the growth of fibroblasts from explants of guinea pigs sensitized with group C streptococci appeared less inhibited by the streptococcal extract than the growth of macrophages from these guinea pigs. Hall and Scherago (7) suggested that the leukocytes of sensitized individuals lose their hypersensitivity more rapidly than do the cells of the skin, possibly because the leukocytic population of the blood is an ever-changing one as compared to the skin, and the site of destruction of the leukocytes is not the same as the site of their generation. They postulated that the substance responsible for leukocytic hypersensitivity is lost with the destruction of the leukocyte, whereas hypersensitivity is retained in the skin cells for a longer period of time because the destruction and regeneration of skin cells are slower processes and occur at the same site.
Najarian and Feldman (13, 14) injected guinea pigs intravenously with tritiated thymidine-labeled lymphoid cells from guinea pigs that had been sensitized with either tubercle bacilli or BCG. At 24 hr after the transfusion, they obtained positive skin reactions to the purified protein derivative test for tuberculosis (PPD) in the recipient guinea pigs. However, the injected labeled sensitized cells cleared rapidly from the circulating blood. Despite the injection of a fairly large number of the cells intravenously, the cells were found with difficulty in the blood even as early as 8 min after the transfusion; they were lodged in lymphoid organs (lymph nodes, spleen, and lungs). That the guinea pigs had become passively sensitized was revealed by positive skin reactions to PPD. These findings point to the lymphoid organs, rather than the blood stream, as the normal sites of the sensitized cells. This may explain why Johnson and Scherago (9) were unable to demonstrate leukocytic hypersensitivity in guinea pigs that had been skin-sensitized by passive transfer of peritoneal exudate cells from actively sensitized donor animals.
Scherago and his co-workers (3, 4, 8, 15) (11, 19, 20 on September 23, 2017 by guest http://jb.asm.org/ Downloaded from tected type-specific antibody against the Streptococcus species with which the animals had been infected as early as 3 weeks postinfection in one animal, and 5 weeks postinfection in 50%0 of the animals. The failure of the reinjection of the homologous type of Streptococcus 8 weeks after the initial infection to induce the recurrence of the leukocytic hypersensitivity might, thereforZ, be accounted for by the presence of such a typespecific antibody acting to promote a more efficient elimination of the microorganisms (11, 18) . When these data are considered together with the finding of Scherago and his co-workers that the development of leukocytic hypersensitivity is associated with active infection (3, 4, 8, 17) , it would seem that the recurrence of leukocytic hypersensitivity in group A streptococcal infection also requires an active infection. However, in the case of group A streptococcal infection, the recurrence of the leukocytic hypersensitivity could be induced only when reinfection was accomplished with a serotype that was different from the one that caused the initial infection.
LITERATURE CITED
